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Through the use o£ simulation studies o£ the SES 100-B, 
a heave controller is designed, tested and coupled with a 
speed control. Holding the thrust parameter constant, this 
control system £unctions by variations o£ the plenum pres- 
sure only and is based on controlled venting by louvers to 
dampen heave accelerations while the main £an rpm is changed 
to maintain the minimum dra£t necessary to hold the speed 
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I. INTRODUCTION 



On some day in the not too distant future, a hostile 
army has launched a sudden attack, pressing an outmanned 
but determined NATO force backward toward the ocean. On 
this same ocean a vast armada covering almost 2000 nautica 
miles in a single twenty-four hour span races to reinforce 
them. In the center of this great fleet are huge carriers 
making the task of launching their aircraft much easier by 
attaining and holding speeds of over eighty knots. Trans- 
ports, large landing ships and VSTOL/helicopters carriers 
all with this same 80 knot capability surround the fleet 
carriers and in turn are screened by the even faster de- 
stroyers and destroyer-escorts. 

Once off the beach, with Marine and Navy establishing 
air superiority, some of the large amphibious ships run 
parallel to the beach discharging smaller craft that turn 
and head into the shore at seemingly fantastic speeds. 
Carrying tanks, artillery pieces and other heavy equipment 
as well as the men of two Marine regiments, these craft 
race onto the beach and inland before discharging their 
cargo at strategic points. As they transition from water 
to sand it can be seen more readily that these craft are 
not acutally in contact with the beach but hover inches 
above it as they carry the reinforcements inland. 

Quite possibly a glimpse into the future. Perhaps a 
bit overstated, but if what appears to be the vast poten- 
tial of the Surface Effect Ship is realizable, a whole new 
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concept of shipbuilding will take place. One type of SES, 
the Hovercraft or Ground Effect Machine, GEM, is the sub- 
ject of a great deal of study by the Marine Corps as its 
primary ship to shore vehicle of the future. Present day 
commercial as well as military prototypes are common. The 
British regularly run "Hovercraft" ferrys across the chan- 
nel. The GEM, a "fully skirted" craft utilizes reinforced 
rubberized material in a 360° configuration to confine an 
air bubble generated by fans or blowers, lifting it above 
the drag of land or water. This 360° skirt is the basic 
difference between the GEM and the Captured Air Bubble, 

CAB, craft, also known by the class name, SES. This skirt 
permits a steady leakage of air around it and results in 
an inefficient use of the air flow generated by the fans. 

The CAB utilizes the same basic principal as the GEM, 
but "captures" its "air bubble" by containing it within 
two rigid sidewalls with flexible seals only at the bow 
and stern. Instead of riding above the surface as a hover- 
craft does, the CAB sidewalls travel just beneath the 
water's surface and except for venting due to wave motion, 
the air bubble is contained. 

Unlike the GEM which because of its inefficient use of 
its fan flow has size limitations, SES craft have been 
envisioned as large as fleet type aircraft carriers. While 
conventional monohulled displacement ships are effectively 
limited to fifty knots or below because of their (thrust/ 
drag) ratio, the CAB craft takes advantage of the fact that 
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the greatest part of the gross displacement is due to the 
pocket of air that forms most of the contact with the 
water. Drag created by the sidewalls and the bow/stern 
seals coupled with the drag created by the bubble is much 
less than for the conventional ship and speeds of greater 
than eighty knots have been attained. 

Presently there are several of these SES-type craft 
operational. Three of the most interesting are: 

L XR-3 - This craft is located at the Naval Postgraduate 
School, Monterey, California. Originally built by the 
David Taylor Model Basin with a displacement of about 2.5 
tons, it has undergone modification and instrumentation by 
Professor D. M. Layton and other members of the staff at 
the Naval Postgraduate School. Presently it is undergoing 
testing at Lake San Antonio in southern Monterey County. 

2. SES 100-A - Built by Aerojet General Corporation, 
the SES 100-A underwent initial testing near Tacoma, 
Washington before being turned over to the Navy for further 
evaluation. Aeroject General did not receive a contract 
from the government for further study of a two thousand 
ton model. 

3. SES 100-B - This craft like the 100-A displaces 
approximately 100 tons and was built by Bell Aerospace 
Company. After undergoing extensive testing at Lake 
Pontchatrain , Louisiana where it attained speeds of over 
80 knots, it also was turned over to the Navy. Bell was 
awarded a contract for further study into the building of 
a two thousand prototype. The 100-B was the subject of a 
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contract let to Oceanics, Inc. o£ New York by SESPO, the 
Surface Effect Ship Project Office in Washington, D. C. 
They were tasked with developing a computer model of the 
SES 100-B for simulation studies with the goal of pro- 
viding a better understanding of the loads and motions of 
the craft. A copy of this program was made available to 
the Naval Postgraduate School and was the basic tool used 
to gather information for this thesis. Modification of 
this program resulted in a computer model of the XR-3 
mentioned above which is undergoing investigation and 
verification at this time. 
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II. STATEMENT OF THE PROBLEM 



Because the concept of the Captured Air Bubble Craft is 
fairly new and few actual craft are in existence, the com- 
puter has become a primary tool in the study of the CAB's 
motion and loads under varying circumstances. If the model 
itself is correct, modifications whidh would cost many 
thousands of dollars and a great deal of time can be simu- 
lated overnight. 

Of primary interest to the author was the design and 
investigation of an automatic control system to reduce the 
heave acceleration of the CAB. This was to be coupled with 
a second control loop to maintain the craft's forward ve- 
locity while the heave controller was in operation, and was 
to be accomplished while maintaining a constant initial 
thrust by varying only the plenum pressure. 

The feasibility of using the plenum pressure for this 
purpose is suggested by the observation of data from runs 
using the computer model. 

If the model is programmed for two different runs using 
the same initial conditions for plenum pressure, thrust, 
draft, and forward velocity, one run to be made under calm 
water conditions, the other with waves, decreases in for- 
ward velocity is accompanied by losses in plenum pressure 
and a settling of the craft deeper into the water. This 
is illustrated in Figures 1 and 2 showing the plenum pres- 
sure and forward velocity of the SESIOO-B given the initial 
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conditions to maintain fifty knots in calm water. Figures 
3, 4, and 5 illustrate what happens to the 100-B when under 
the same initial conditions it encounters waves. Some 
venting from the sidewalls and from the stern and bow seals 
along with the increased drag of the waves slows the craft 
and draws it deeper into the water with a decrease in plenum 
pressure . 

If the plenum pressure could be increased as the craft 
slows to bring it up higher in the water, reducing the drag, 
perhaps the craft's forward velocity could be increased to 
its initial velocity. 

The results of a study [Ref. 2] by LCDR G. T. Forbes, a 
student at the Naval Postgraduate School, in which he in- 
corporated a velocity difference signal to change the main 
fan rpm show that this can be done. However, a sharp in- 
crease in heave acceleration was also noted. This aggre- 
vates an already marginal habitability parameter [Ref. 4 ] . 

Through the use of simulation studies, a heave accel- 
eration controller is to be designed, tested, and coupled 
with a speed control based on plenum pressure variations 
only. The objective will be good speed control with no 
increase in heave acceleration or even a noticeable reduc- 
tion in heave acceleration. 

The results obtained will be assumed to correspond to 
or closely approximate those conditions that would exist 
if such a controller were physically present in the actual 
SES 100-B. 
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That such a design should make use of some type of con- 
trolled venting of plenum pressure is suggested by observa- 
tion of some motion pictures taken by the Naval Ship 
Research and Development Center [Ref. 5 ] of a model CAB 
during test runs involving certain membrane studies. As 
the model CAB with a non-perforated membrane encountered 
waves , the membrane expanded and contracted with changes in 
plenum pressure causing some reduction in heave accelera- 
tion. Further footage of the model utilizing a membrane 
with a round opening likewise illustrated this same phe- 
nomena with the magnitude of the membrane flexation deter- 
mining the size of the vent hole. 

Because of the increase in heave acceleration created 
by the simple velocity control loop [Ref. 2] is much greater 
in the negative direction as the plenum pressure is sharply 
increased, a form of controlled venting by means of a open- 
ing and closing louver system will be investigated. Pro- 
vision for the replacement of the air vented by the louver 
system will be compensated for by main fan rpm changes. 
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III. PROCEDURE FOR DESIGN 



A. DESIGN CONSIDERATIONS 

Before the actual design of such a controller can be 
attempted, a basic understanding of the concepts behind the 
unique characteristics of the CAB is necessary. Essential 
to the proper operation of the craft is the maintaining of 
its "bubble" through a series of blowers or fans. These 
fans produce a pressure increase in the volume enclosed by 
the bow and stern seals and the rigid sidewalls. This 
volume of pressurized air or plenum functions to support 
the majority of the craft's mass by the displacement of 
water as in a displacement hull ship. As the craft moves 
forward under any of several conventional means such as 
water jets or supercavitating propellers, it reaches a 
velocity as mentioned before where it goes up "on the hump." 

At this point the bubble has moved aft under the stern seal, 
the bow has risen and wave drag coupled with the skin friction 
drag has been sharply reduced to well below that which is 
experienced by displacement vessels. This produces a thrust 
vs. velocity ratio at this point which shows an increase in 
velocity for a decrease in thrust. 

Heave acceleration or acceleration in the z-direction is 
coupled directly to the fluctuations of plenum pressure. 

In calm water conditions with plenum pressure at a constant 
value, the craft experiences no heave acceleration, however. 
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when the CAB passes over a wave peak the resultant displace- 
ment by a more dense substance compresses the air and creates 
an upward force in the negative z-direction, conversely when 
the CAB passes over a wave trough a rarification occurs 
bringing the craft downward and compressing the plenum un- 
til it is again supported by the proper pressure. 

In order to alleviate these accelerations completely, a 
force of equal strength in the opposite direction is neces- 
sary. Dampening of the acceleration by reduction of the 
original force is also possible and this is the basis for 
the study here. 

Acceleration in the negative direction is caused by a 
sudden increase in plenum pressure. If this increase could 
be slowed so that the next wave depression would have time to 
reduce it again or if this sudden increase could be reduced 
in magnitude, the effect would be to decrease the amount of 
acceleration . 

In order to prevent or reduce the acceleration in the 
positive direction when the craft drops into a depression, 
the plenum pressure must be brought back to the nominal 
value without sudden fluctuations. Venting by definition 
is allowing a certain amount of air to escape from the plenum, 
therefore, venting by itself, even controlled venting, 
worsens the situation but if coupled with an rpm increase to 
increase the plenum pressure should dampen the acceleration. 
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B. DESIGN OF THE HEAVE CONTROL 



Several parameters were considered during the design of 
the louver system. Whether the system consisted of a single 
louver or a series of smaller ones, the total area vented 
by the louver was certainly important. For modelling pur- 
poses a single, horizontally sliding louver, which was 
sixteen feet by nine feet, was decided upon (see Figure 6). 

Some type of signal had to be generated or obtained 
from an already existing source to position the louver. 

Two alternatives were already available from the model. 

The first, plenum pressure, was discussed but discarded in 
favor of using the heave acceleration measurements at the 
center of gravity. This does not preclude the use of 
plenum pressure measurements for future studies. 

Taking two separate measurements of Z, the first, SI 
was to be multiplied by a gain factor, k^, and then summed 
with a more extensively modified S2 (see Figure 7) . 

Because of power considerations, S2 was to be constructed 
to act as a "steady-state" positioning signal around which 
SI would fluctuate. As wave conditions were encountered 
producing heave accelerations, S2 would act to bring the 
louver to an appropriate median position with the magnitude 
of the accelerations determining the strength of S2. 

The scheme of modification began with the initial 
thought that a relative measure of the magnitude of the ac- 
celerations could be obtained by passing the positive por- 
tion of the signal through a low pass filter thereby 
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Figure 6. 
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integrating it. Before this was pursued further, it was 
noted that there existed substantial differences in the 
magnitude of the positive and negative accelerations. In 
order to obtain a representative measure of the greater 
magnitude, the acceleration signal was first passed through 
a full-wave rectifier. 

Construction of the low-pass filter (Figure 7), resulted 
from the use of DSL/360, a simulation-language available at 
the Naval Postgraduate School, Bode diagrams and studies 
using the model of the SES lOOB. One of the objectives of 
the filter was to provide a fairly fast rise time as waves 
were encountered, but conversely it was not to decay too 
quickly. After initial designs with a simple low-pass fil- 
ter with a single resistor and capacitor, it was decided to 
insert a diode (Figure 8) between the full-wave rectifier 
and Rl. Therefore, as long as the signal voltage was rising, 
the diode would conduct and charge up the capacitor. 

When /SI/ was increasing: 

S2 = (.91*/S2/ - S2) V 

where is the time constant R1*C. For the purposes of the 
study, was set equal to two seconds. 

However, when /SI/ begins decreasing then: 

= ((Vcap*-'2’ - ^ 

Here is the voltage on the capacitor at peak signal and 

T 2 is the time constant R2*C. Since R2 was chosen to be ten 
times Rl , T 2 became twenty seconds reducing the ripple 
considerably. 
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Figure 7. Block Diagram of Heave Control. 
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Figure 8. Rectifier and Filter. 
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The investigations by DSL/360 and the Bode Diagrams in- 
dicate that a certain amount on signal attenuation was pre- 
sent and was dependent of wave frequency. 

The values to be used for the gains and were to 
be determined next. 

Beginning with , it was envisioned that the signal, 

S2 , when multiplied by the gain factor, k^, would provide 
a half open "steady-state" position when the craft experi- 
enced sustained positive and negative two gee accelerations 
with the signal SI times the gain factor, k^, providing 
fully open or closed louver position at the peak values. 

Initial runs were made with: 

S = -.25S1 + .25S2. 

These runs were with simple sinusoidal frequencies and pro- 
duced heave accelerations of only about .2 to .8 gees . 
Moreover, the attenuation of S2 was quite significant; in 
some cases about 50 percent, reducing the effectiveness of 
the louver positioning. 

The gain factor, k^, was increased to 1.0 and the same 
runs were repeated. This time the results were more favor- 
able and the investigations continued with 

S = -.25S1 + 1.0S2. 

Note that k^ is negative in sign, resulting in a louver sys- 
tem that is less open during positive accelerations as it 
should be. 

It has occurred to the author and will perhaps to the 
reader that single optimal values for k^ and k 2 probably 
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do not exist. Because of the systems dependency on wave fre- 
quency and intensity, some type of self-adaptive gain func- 
tion may be necessary. It is certainly true that differences 
in the pressure within the plenum cause different masses of 
air to be vented from equivalent areas. Because of time 
limitations, the author was not able to pursue these thoughts 
further. The values chosen for and ^2 were considered 
sufficient for the immediate objectives. 

Once the signal, S, had been constructed, it was utilized 
as the input for the louver system, giving the actual louver 
position. S', where 

S' = K(S-S') 

with K set equal to twenty. 

With the heave controller functioning, attention was 
turned to design of the velocity control. 

C. IMPLEMENTATION OF THE SPEED CONTROL 

It became quickly apparent that operation of the heave 
controller by itself while markedly reducing the heave ac- 
celeration had a distinct disadvantage. Added to the drag 
of the waves and the occasional venting along the sidewalls 
was the loss of air mass through the louvers. With the main 
fans set at a nominal rpm of 1700, the craft dropped even 
lower into the water and speed fell sharply off. 

While developing the heave controller, an interim speed 
control was utilized similar to that documented by Forbes 
[Ref. 2] in his earlier study. 
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In that speed control, without the heave controller, a 
gain, kj, o£ 400 rpm per knot difference had produced satis- 
factory results, but with the aforementioned sharp increases 
in heave acceleration. Using this simple loop in conjunction 
with the heave controller, steady-state surge speeds were 
about ten to fifteen percent below the initial values. In- 
creasing the gain brought the speed closer to the initial 
value but also increased the heave acceleration. It was 
felt that a continued increase of the gain in this loop did 
not present the flexibility desired. 

With this in mind, better control was sought by using 
two control loops, compensating for the louver venting as 
a coarse adjustment then fine tuning with the velocity 
difference loop as shown in Figure 9. 

Temporarily disconnecting the velocity difference loop, 
the fan rpm was allowed to vary and compensate for set 
louver positions. The curve was fairly linear in the lower 
region. From this graph a gain of 1100 rpm for a venting 
area of about 14.5 square feet or approximately 75 rpm per 
square foot of venting area for k^ was taken as a starting 
point . 

Subsequent runs with the velocity difference loop re- 
connected resulted in steady-state velocity values higher 
than the initial value. Rather than drastically increase 
the velocity difference loop gain which also increased 
heave acceleration, k^ was reduced to 50 and k^ was increased 
slightly to 500. 
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Figure 9. Block Diagram of the Heave/Velocity Controller. 





The design of both the heave controller and velocity 
loops required a great deal of computer time and many sepa- 
rate runs. Up to this point basic theory has been discussed 
and explanations as to the course of the investigations 
have been innumerated. Representative data from this pro- 
gression has been compiled and is annotated in the next few 
pages . 
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IV. SIMULATION INVESTIGATIONS 



A. SINGLE FREQUENCY SINUSOIDAL WAVES 

Because o£ the large amount of computer time required 
for even a few seconds of simulation time, certain limita- 
tions had to be adhered to in order to complete these 
studies. It was decided to restrict the wave frequencies 
for the development phase of the investigation to three. 
These were chosen from the eight frequencies from which 
Sea State 3 is artifically produced for sea state runs. 

The lowest frequency, 0.766222 radiansper sec, the highest, 
2.577250 radians per sec and middle frequency 1.532442 
radians per sec were picked. All runs during the develop- 
ment stages were at fifty knots with wave amplitude of one 
foot and were for a duration of twenty-five seconds. 

Even with these limitations, a great many more runs 
than will be included here were made. Many of these were 
pertinent to the data collected here such as determination 
of the louver area and the gains. 

From all the different computer runs the author has 
collected the final data from each step in the investigation 
and design of the controller and it will be presented in 
the following order in terms of the control or controls 
being applied at the time of the data run: 

1) No controls for comparison studies, 

2) Velocity difference loop only, 

3) Heave control. 
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4) Heave control with velocity difference loop, 

5) Heave control with final velocity control loop. 

1. No Control for Comparison Studies 

Figures 10 through 18 are plots taken from runs in 
which no speed or heave control was implemented. Initial 
conditions of draft, plenum pressure, and thrust were 
placed upon the craft which would cause it to maintain a 
forward velocity of fifty knots in calm water conditions. 
With the introduction of wave conditions and holding the 
thrust constant, it can be noted that heave accelerations 
build up and the forward velocity begins to fall off and 
after the twenty-five seconds of simulation time, steady- 
state conditions do not exist. Plenum pressure is plotted 
in lbs per square foot, center of gravity heave accelera- 
tion in gees and surge speed in knots. 

2 . Velocity Difference Loop Only 

The velocity difference loop only graphs are shown 
in Figures 19 through 30. As can be seen by Figures 21, 

25, and 29, the velocity difference loop using a gain of 
400 rpm works quite well with single frequency sinusoidal 
waves with varying degrees of heave acceleration amplifica- 
tion. This amplification is highest for 1.532443 rad/sec 
and shows an increase of about thirty- three percent compared 
with less than ten percent for 0.766222 rad/sec and 2.577250 
rad/sec. In all three cases, the surge speed is maintained 
very close to the initial conditions. Changes in the main 
fan rpm can be seen to closely follow the change in heave 
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acceleration. If waves encountered by the SES 100 were 
made of the two radian frequencies 0.766222 or 2.577250, 
probably the heave controller would not be needed. As can 
be seen later, this is not the case. 

Both graphs which give the position of the louver 
do not directly give the area of venting but instead the 
strength of the signal to the louver. The size of the 
louver, in these studies, is sixteen feet by nine feet, 
multiplied by the position signal, quickly gives the total 
area of the vent. 

3 . Heave Control Only 

After design of the heave controller was completed, 
computer runs were made at the same three frequencies with 
the same initial conditions. (See Figures 31 through 45.) 
As can be seen a great deal of reduction in heave accelera- 
tion can be noted. This can be misleading unless the other 
data presented is placed in the proper perspective. Be- 
cause of the venting created by the louvers, more air than 
can be replaced by the fans has escaped and although it 
appears that the plenum pressure has steadied out. A look 
at the surge speed shows a continual slowing process as the 
draft of the craft continues to increase (not shown) . In 
other computer runs not shown of more violent seas, the 
craft quickly settled beyond the value which the simulation 
model could handle and the program was terminated. 

4 . Heave Control with Velocity Difference Loop 

When the velocity difference loop was inserted with 
the heave controller, the overall results were quite good. 
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(See Figures 46 through 60.) Not only did the forward ve- 
locity reach a reasonable steady-state value but the heave 
accelerations dropped sharply. For 1.532443 rad/sec, an 
improvement of fifty percent over the speed loop alone 
and even thirty percent over the no controls run was noted. 
Marked improvements in heave acceleration can be seen in 
the other two frequencies also. 

Not being satisfied with the steady-state speeds, 
the gain, kj, was increased several times over trying to 
arrive at a steady-state velocity approaching . 1 of a knot 
of the initial velocity rather than about 1.8 as is shown 
here in this data. When the gain was increased, the rpm 
increased as did the heave acceleration. 

Up to this point the wave parameters utilized for 
this study produced relatively small heave accelerations. 
From analysis of the data up to this point, it became evi- 
dent that the simple velocity difference loop by itself, 
although it performed beautifully at this time, was not 
sufficient for waves of larger amplitudes and studies with 
sea states and further investigations continued with a dif- 
ferent type of velocity controller. 

5 . Heave Control with the Completed Velocity Control 

Loop 

The results taken for the controller in its final 
form, while not as impressive as those recorded in the pre- 
vious section as far as heave accelerations are concerned 
show dramatic improvement in speed control. (See Figures 
61 through 77.) Heave acceleration is still acceptable and 
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even shows some improvement over the craft’s parameters with 
no controls. 

Before proceeding with computer runs with irregular seas, 
it should be noted that all runs included here were made with 
a louver size of sixteen by nine feet, with what is felt to 
be acceptable results. Several runs made with larger louver 
sizes showed further increases in heave acceleration but 
with, of course, accompanying increases in fan rpm. 

B. BEHAVIOR IN IRREGULAR SEAS 

Actual design of the heave/velocity controller was ac- 
complished using single frequency sinusoidal waves; here data 
is presented to show the system under more realistic condi- 
tions. Simulation studies with irregular seas consumes three 
to four times the computer time for single frequency runs, 
therefore the study was restricted to two cases at moderate 
speeds . 



1. 


Sea 


State 


3 - 


50 


knots 


2. 


Sea 


State 


4 - 


40 


knots 



As in the single frequency studies, both wave conditions 
will be met head on, creating the most severe heave parameters 
for each set of conditions. 

Four series of graphs for each sea state will be presented. 

1. No control. Figures 78 to 83. 

2. Velocity difference loop only. Figures 84 to 91. 

3. Heave control with the velocity difference loop. 

Figures 92 to 103. 
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rpmCS . OOE+02 Units Per Inch) 
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4. Heave control with completed velocity loop, Figures 
104 to 115. 

Graphs for runs with just the heave control are not avail 
able. Due to the excessive venting, both sea states runs 
were terminated prematurely. As with the single frequency 
runs, all simulation are of twenty-five second duration. 

The desirability of investigation under sea state condi- 
tions is quickly evident, the heave accelerations are more 
intense and completely random; increased drag and venting 
creates a swift, steady deterioration of the forward velocity 

This degradation of velocity was checked quickly by the 
addition of the velocity difference loop. Without the louver 
system, however, the increase of the heave acceleration par- 
ticularly in the negative direction was marked. 

When the louver system was introduced, these heave ac- 
celerations were dampened, but some degradation of the 
average velocity can be noted, especially in the Sea State 
4-40 knot run where the forward velocity appears to have 
leveled off after a total loss of about twelve percent. 

The results from the simulations with the complete con- 
trol system in operations shown excellent speed control. 

Heave accelerations have greatly improved over those runs 
with only the speed control functioning and are comparable 
or improved over those results with no controls. 

Because the total venting area had shown itself to be 
important during the investigation of the single frequency 
sinusoidal waves, a single simulation run in which the 
lower area was increased by sixty-six percent to 16’ by 15’ 
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Figure 107. 
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Figure 108. 
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Figure 109. 
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Figure 110. 
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Figure 112. 
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Figure 113. 
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Figure 114. 
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Figure 115. 
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was made (Figures 116-121). This run was also made at 50 
knots in Sea State 3 and the results, when compared, show 
the same excellent speed control but with an even larger 
decrease in heave accelerations. It is important to note 
also, however, the very great increase in fan rpm which was 
needed to compensate for the larger venting area. 
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Figure 116. 
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Figure 117. 
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Figure 121. 
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V. CONCLUSIONS AND RECOMMENDATIONS 



A. CONCLUSIONS 

The encountering of wave conditions by the SES lOOB in- 
troduces parameters which result in a decrease in average 
plenum pressure and a deterioration of forward velocity. 

It has been shown that restoration of this velocity is pos- 
sible by insertion of a control loop varying the plenum 
pressure. 

The accuracy of the velocity controller is dependent 
on both the severity of the wave disturbance and the gain 
of the feedback loop. Increases in loop gain produced 
faster response time and greater accuracy, but with in- 
creased fluctuations in the plenum pressure. 

Insertion of the velocity controller increases the 
heave accelerations, particularly on the negative or upward 
direction. By installing the lower system to provide con- 
trolled venting and slightly modifying the velocity control- 
ler to account for the leakage, heave acceleration is reduced 
to levels comparable to those before velocity control and 
significantly below those with just the velocity controller 
while still providing excellent velocity control. 

Main fan rpm and hence total power requirements are 
greatly increased by the utilization of the louver system. 
Larger lower leakage area, while giving greater heave ac- 
celeration attenuation proportionally created power needs. 
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B. RECOMMENDATIONS FOR FURTHER STUDY 



Several areas of interest could not be explored because 
of time limitations on the author. Some of these will be 
listed below as possible items to be studied at some later 
date . 

1 . Further Design Studies of the Louver System 

a. Introduction of Design Complexities 

In the initial modeling of the louver system, 
certain simplifications and assumptions were made. Non- 
linearities and time delays which might exist were ignored. 
A more comprehensive design study could be undertaken to 
determine the validity of the initial design. 

b. Self-Adaptive Design 

It is felt that the louver design as a final 
physical system should be self-adaptive in nature for op- 
timal performance characteristics. This should make an 
interesting and rewarding study. 

c. Design of Anticipation 

The possibility of using the bow acceleration 
as a form of design anticipation for the louver system has 
been suggested. A study in which different methods of con- 
trol anticipation are investigated is recommended. 

2 . Power Considerations 

Power efficiency is essential to the concept of the 
CAB. A study of the habitability parameters as opposed to 
power considerations involving the use of a controlled 
venting system would be useful. Since velocity control can 
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also be maintained by variations of the thrust, this study 
could be combined with a comparison of louver versus thrust 
power tradeoffs for optimal habitability/power analysis. 

3 . Other Methods of Heave/Velocity Control 

Other forms of plenum pressure control should be 
investigated for use with or in lieu of the controlled vent- 
ing system. 
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APPENDIX A: PROGRAMMING OF THE HEAVE/VELOCITY CONTROL 



Because of the modular construction of the SES 100-B 
model, insertion of the heave/velocity control required 
modification of only the main program and three of the sub- 
routines. All changes and the purpose of these changes 
will be explained in this appendix. For those unfamilar 
with the SES 100-B program it is suggested that they refer 
to references. 

1. Changes made to the MAIN program included the addi- 
tion of two common blocks and the initialization of these 
blocks to zero. These blocks serve to transfer controller 
data from INCO to RHS. 

2. Since it was felt that the controller should be made 
as flexible as possible, provision was made for the user to 
make some changes through data cards. The information is 
entered in INCON by the use of two data cards which supply 
the input logic and the information for the controller. 



Card 


Column 


Format 


Entry 


1 


1-5 


I 


01904 - Control Tag and Option 




6-15 


F 


Leakage orifice coefficient 




16-25 


F 


Width of Louver 




26-35 


F 


Height of Louver 




36-45 


F 


Tau one of the Filter 




46-55 


F 


Constant of the Louver 




56-65 


F 


Initial Position of Louver 




66-75 


F 


Control Switch 
0.0 - no control 

1.0 - heave control only 

2.0 - speed control only 

3.0 - both controls 


2 


1-80 


20A4 


Alphanumeric data to be 
printed. Can contain any 
information about the 
controller. 
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Changes made to INCON cause this information to be read 
into the program. 

3. Changes made in Subroutine COLFIL enable the user to 
obtain pertinent data in either printed form or by graphs. 
Graphs can either be by CALCOMP plotter or from the printer. 
Provisions were made to output main fan rpm, "steady-state" 
louver position and actual louver position. 

4. The greatest number of changes were made in Sub- 
routine RHS , which contains the FORTRAN expressions for the 
right-hand side of the system of first order differential 
equations required for the model simulation. The logic for 
the heave and velocity control was placed in Subroutine RHS. 

A complete listing of the SES 100-B program with changes 
follows . 
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THE FOLLOWING IS A SAMPLE INPUT DEC< USED FOR A TYPICAL RUN. 
THIS DECK WILL CREATE’ A RUN OF TWENTY-FIVE SECONDS DURATION 
IN SEA STATE 4 AT 40 KNOTS. IT WILL BE RUN WITH BOTH CONTROLS 
IN OPERATION. 
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